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V.I. Lokay, M.N. Bodunov, V.A. Podgornov
and A.G. Karimova

As was already noted in [1 — 3] et al., the heat transfer  /62%
between the front surface of the inter-vane channels of turbulent
cascades may differ from the heat transfer of a flat plate under
the same flow conditions (Re, M, etc.). Recommendations on
calculating the coefficient of heat transfer from a gas to the
front surface of the inter-vane channels differ greatly, and have
been obftained from studies of a comparatively small number of
turbine cascades. Theoretical solutions [4], ete., based on
calculating the three-dimensional boundary layer in the presence
of longitudinal and transverse pressure drops, are still inade-

gquate.

The purpose of thils article 1s to perform an experimental
study and to generalize the experimental data on the heat trans-
fer between a gas and a turbine casing in the area of the

inter-vane channels of stators and the guide vanes.

¥Numbers in the margin 1ndicate pagination of original
foreign text.



Experimental Stands and Objects Studied

The experiments investigating heat transfer were performed
on two gas dynamlc stands: on an experimental air turbine [5],
and on a stand for blowing through flat turbine cascades [3]. “Id
the first case, the heat transfer was studied on the inner and
outer casings in the region of the turbine statorsL The basic
characteristics of the cascades are given 1in the table (cascadgﬂ
1 — 4). The table also gives the characteristics of other
cascades (cascades 5 — 8) studied previously by the Kuybyshev
Aviation Institute (XAI) [3, 67.

Two methods were used to determine the heat transfer coef-
ficient: a calorimetric method and the method of the regular
regime of the first type [7]. The calorimetric method is
described in [3]. When the regular thermal regime method was
used, cylindrical copper inserts were placed in the casing on
the front surfaces of the inter-vane channels. Figure 1 shows| the
way these inserts were located in cascades 1 — 3. This figure]
alsc shows the manner in which the inserts were embedded. As
may be seen from Figure 1 (cross section A — A), the copper
inserts 1 were placed in Teflion, heat insulating stoppers 4. A
copper compensation ("safety") ring 3 is placed between the
ingsert and the stopper. This ring is heat insulated from the
insert by a Teflon bushing 2. This manner of embedding the
insert created| the conditions necessary for producing a
regular thermal regime of the first kind in the insert.

The study [3] gives the basic measurements, the method of
performing the experiments, and the characteristics of process-

ing the experimental data based on the calorimetric method.
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Figure 1. Location of the inserts on the front surfaces of

cascades| 1, 2, and 3]



When the regular regime method is used, after the equipment /64
has reached a stationary regime, a small:amount (approximately
0.5 — 1% of the air consumption) of cooled liquid (water or
alcohol) is injected into the air stream. After the surface
being studied and the insert are cooled .by 10 — 15° K, there is
an abrupt detachment of the liquid;| starting at this time, the
insert change in temperature wilth time is determined by means of
an electronic, semiautomatiec EPP-09M potentiometer. The experi-
ments also measured the braking pressure before the cascade, the
static pressure at the 1nput and at the output of the cascade, and
the braking temperature in front of the cascade. In experiments on
a turbine, the statlc pressure behind the stator| was measured in
the casing both at the root and the peripheral surfaces of the
Inter-vane channels. In cascade 3|, the distribution of statig pres-|
sure was also measured over the contour of the vanel profile and
In the casing in the region of the inter-vane channel. The placd
where the static pressure was measured in the casing rigorously
corresponded to the location of the inserts (15 measurements in
all). For greater reliability, all the measurements were repeated

in each regime several times.

When processing the experimental results using the method
of regular regime, the local values of the heat transfer coeffi-
cient were calculated according to the following formula [7]

&G

&, = -—

]
X !__‘!)

where c 1s the specific heat capacity of the insert material;
G — insert weight; F — surface of the insert in the air stream;
Y — coefficient for insert temperature fleld variation; m —

insert heating rate.



The average (over the front surface of the inter-vane channel)|
heat transfer coeffilclent was calculated as the arithmetic mean
of the local heat transfer coefficients o - The results of the

exXperiments were generalized in the similarity criteria . calcula-
ted with respect to the parameters at the input and ocutput of

the cascade. The determining dimension was assumed to be the pro-
file chord, and the determining temperature was the static
femperature before or behind the cascade.j The gas. density was
calculated from the static pressure and the static temperature
before or behind the blade.

All of the experiments were performed with a zero angle of
attack for the flow at the cascade input |

Experimental Results

Figure 2 gives the results of experiments on the average

heat transfer coefficient (in the coordinates 1lg Nu - 1lg Reav)

in the casing in the region of the front surfaces of the inter-vang
channels of eight cascades], whose characteristics are given in thel
table. Here

= L(Re t Re
Reav = 2(Rer#R§L|

where Re,; and Re, are the Reynolds numbers calculated from the

parameters at the cascade input and output. For purposes]

of comparison, the dashed line in thils figure gives the heat
transfer 1in the case of the turbulent regime for flow around a
flat plate.
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Figure 2. Results of experiments on the average coefficient of
heat transfer from a gas to the casing in the region of the
front surfaces of the inter-vane channels |

¢/ — the same (inner casing);

o) — cascade 1 (outer casing); :
0 e.0,4, 4.0+ cascades 3, 4, 5, 6, 7,

wl — cascade 2 (outer casing);
and 8, respectively.|

It may be seen that the experimental points| are located
both above and below the curve for a flat plate. In blades with
a small reactivity (cascades 1 — B8), the experimental points are/65
located far above the heat transfer on the plate, This may be
primarily explained by the transverse pressure gradients which
produce intense flow of the gas from the concave surface on the
back edge. In the reglon of the stator vanes, the experimentall
polints are close to, or even below, the curve for the heat trans-
fer on a flat plate. This may be explained by the transverse
pressure gradients which are smaller than in the reglon of the
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Figure 3. Results of experiments on the local coefficlents of
heat transfer from a gas to the casing (front surface of the
inter-vane channel) for blade 3.

working cascades. In addition, there may be a laminar flow regime|
in the boundary layer in stator vanes |at the input of the
inter-vane channel. This is illustrated in Figure 3, where the]
results of experiments (in the coordinates 1lg NuX - 1g Rex) on

the local heat transfer coefficients on the front surface in

cascade 3 are given. Herd

% is the distance along the streamline from the input to the
inter-vane channel to the location of the imsert in the casing, W)
— local theoretical velocity (calculated from the static pres-
sure measured on the front surfaces). It follows from Figure 3



that the experimental points for the input section of the inter-vane|
channel are located below the dependences. for.the local heat transd
fer coefficients of the flat plate in the case of a laminar flow
regime in a boundary layer, and the remaining points are close to

a flat plate for a turbulent flow regime.

Comparing the results of experiments obtained for different /66
cascades we may note the great difference between the heat transfer]
in cascades of differing geometry. Strictly speaking, 1t is not
valid to extend the results of experiments to geometrically
dissimilar caseades:-'However, with a certain approximation thd
influence of the basic geometric parameters of the cascade upon the|
heat transfer from the gas to the casing in the region of the
stator and gulde cascades, may be | callculated by the Sg criterio
[8], which takes| into account the flew rotation in the cascade:¥]

sin o ; : 2-5 wi T
s, = ——0o&]/ R 1
o sin o, , - . ch og
=5In A i 1
(0gg + @1) 2 |
Here aog is the geometric input angle to the'caécade; oy — floﬁ[
output angle from the cascade; b — width of the cascade; t —— step)

of the cascade. The results of thls generalization for nine cascades|
are shown 1n Figure 4. As may be seen, the majority of the
experimental points within an accuracy of *13% are located close

to the following relation (solid l1line):

5L

0
= . B -
Nu 0.065 Reav Sg

¥When calculating the heat transfer to the outer casing, we

used the cascade geometry on the periphery, and for] thel inner|
casing — at the root of the cascade|
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Flgure 4, Generalization of experimental data on the heat
transfer between a gas and turbine casing in the region of
the front surfaces of the inter-vane channels.|

The formula may be applied for stators and guide cascades {Sg =
1.3 — 5.5) when Reav changes from 1.1-10% to 2.3-10%, M, — by

no more than 0.9, and when the temperature factor changes from
0.85 to 1.
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